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Subclinical hypothyroidism (SCH) in pregnancy is a mild thyroid disorder defined by an elevated serum TSH level with a normal free thyroxine (FT4) level [1] . As a result of physiological changes in thyroid function during pregnancy leading to increased maternal thyroid hormone demand, SCH is a common condition among pregnant women [2] [3] [4] . During pregnancy, overt hypothyroidism, defined as an elevated TSH level with a low FT4 level, contributes to adverse maternofetal and offspring outcomes [5] [6] [7] [8] [9] . Accordingly, treatment with levothyroxine (LT4) is strongly recommended [1, 10] . For pregnant women with SCH, however, the evidence for both adverse outcomes and the ability of LT4 treatment to prevent them is unclear [11] [12] [13] [14] [15] , and the clinical recommendations are inconsistent [1, 10, 16] .
In 2012, the Endocrine Society published a clinical practice guideline for the management of thyroid diseases in pregnancy and recommended that all pregnant women with SCH be treated with LT4, independent of thyroid peroxidase antibody (TPO-Ab) status [10] . In the 2015 clinical management guidelines of the American College of Obstetricians and Gynecologists (ACOG), universal screening for thyroid disease in pregnancy was not recommended on the basis of evidence that identification and treatment of maternal SCH has not improved neurocognitive function in offspring [16] . In 2017, the American Thyroid Association (ATA) issued new guidelines that changed the TSH threshold used to define SCH and emphasized the use of TPO-Ab status to determine whether to treat SCH with LT4 [1] . Specifically, the TSH upper limit was raised from 2.5 to 4.0 mIU/L when no population-based cutoff is available, and evaluation of TPO-Ab status was recommended in all pregnant women with TSH concentrations .2.5 mIU/L, with the result contributing to the treatment decision.
The inconsistencies noted in the recommendations from different organizations may be due to different publication times, which allowed evaluation of more data in the more recent guidelines. The paucity of reliable evidence and variations in recommendations may contribute to unwarranted practice variations. A recent study using a US national administrative database showed that of 8040 pregnant women with SCH (TSH level of 2.5 to 10 mIU/L), only 15% were started on LT4 treatment. Furthermore, endocrinologists had a lower TSH threshold for starting LT4 treatment compared with internists, obstetricians, and other clinicians [17] . Moreover, previous studies assessing the management of thyroid disorders during pregnancy have shown wide variations in practice among physicians worldwide [18] [19] [20] [21] [22] .
To better understand the effect of the most recent ATA guidelines on the care of pregnant women with SCH in the United States, we surveyed physicians nationwide to assess their knowledge and perceptions of the diagnosis, treatment, and effect of SCH in pregnancy and compared these findings with ATA recommendations for care.
Materials and Methods

A. Survey Design
Two authors (S.M. and F.J.K.T.) prepared an initial draft of the questionnaire according to the study objectives and previously issued surveys in the field [18] [19] [20] . The survey included demographic data (specialty, geographical location, years of clinical practice, community type) and multiple-choice questions based on two clinical scenarios describing variations in TSH levels, thyroid autoimmunity status, and thyroid physical examination results to widely assess the diagnostic evaluation, decision on initiation of therapy, and follow-up in pregnant women with SCH. The survey used in this project is publicly shared in an online repository [23] . The main topics covered by the survey were screening, TSH diagnostic cutoff, use of TPO to guide therapy, types of therapy, and follow-up. Because we intended to assess current clinical practices, an initial screening question was added to exclude clinicians who do not care for pregnant women with SCH. Most questions required a single best response to be selected from multiple choices and were constructed to omit phrasing that could lead respondents to the "right" answer. Some questions allowed multiple items to be simultaneously selected. We limited questions to achieve a survey response time of less than 15 minutes. Subsequent survey drafts were distributed among the coauthors, and after an iterative process of feedback and discussion, a final version was prepared. There was an additional review process by the Endocrine Society Clinical Affairs Committee, which provided feedback and ensured survey relevance to its members. The study was considered exempt by the institutional review board of the University of Arkansas for Medical Sciences.
B. Survey Distribution and Data Collection
An anonymous online survey was sent to 5914 US medical doctors who are members of the Endocrine Society between 5 September and 16 November 2018. They received an e-mail invitation to participate from society administrators, which described the survey and contained an electronic link to the survey website without offering incentives to participate. Three reminders were sent after the first e-mail, each 2 to 3 weeks apart. Survey responses were anonymously collected and stored electronically by an online survey service (Google Forms, Mountain View, CA), and data were password protected. Repeated submissions from the same IP address were automatically blocked by the survey service. Only members of the Endocrine Society were surveyed because according to previous survey-based studies in thyroidology that included members of the ATA and the American Association of Clinical Endocrinologists, the majority of survey respondents came from the Endocrine Society. In addition, there was substantial overlap between the respondents' memberships, and a small percentage did not have Endocrine Society membership. [24] [25] [26] . We also attempted to collaborate with the ACOG regarding distribution of the same survey to its members; however, we were unsuccessful.
C. Statistical Analysis
Summary statistics are presented as frequencies (percentages) for categorical variables and as means and SD or median and interquartile range (IQR) for continuous variables according to the normality of the variables. The response rate was estimated for each question. Statistical analyses explored the relationships between respondents' demographics and adherence to ATA guidelines or self-confidence level in the management of SCH in pregnant women. Differences in categorical variables were analyzed with the x 2 or Fisher's exact test, and differences in continuous variables with the independent t test or Mann-Whitney test as appropriate. Simple linear regression was used to analyze correlations between guideline adherence and the guideline-reported strength of the recommendation or quality of evidence. ANOVA was used to assess differences between demographic characteristics of the respondents and self-confidence or adherence to ATA guidelines for the management of SCH during pregnancy. To assess the possible drivers of adherence to ATA guideline recommendations, a multivariate analysis adjusted for geographic location, specialty, years in clinical practice, number of pregnant women with SCH treated over the past 6 months, previous reading of ATA guidelines, and type of clinical practice was performed. All analyses were two-tailed, with a set at 0.05, and were conducted using IBM SPSS Statistics version 25.
Results
A. Demographics of Respondents
Of the 5914 survey invitations sent by e-mail, 5911 were successfully delivered and 1562 (26%) were opened. We received a total of 162 responses (10%), of which 147 (91%) came from physicians who have participated in the care of pregnant women with SCH (screening question). The demographic characteristics of the respondents are summarized in Table 1 . Respondents had practiced for an average of 18 years (IQR, 9 to 28 years) and had evaluated ;6 (IQR, 3 to 10) pregnant women with SCH over the past 6 months.
B. ATA Guideline Adherence
About 76%, 70%, and 18% of respondents had reviewed guidelines by the ATA, the Endocrine Society, and the ACOG, respectively. Only 53% of the respondents who had reviewed the ATA guidelines thought the recommendations had changed their practice.
The concordance between survey respondents' current clinical practices and the ATA recommendations (ATA guideline adherence) is summarized in Table 2 . Overall, we did not find a correlation between guideline adherence and the guideline-reported strength of the recommendations [P trend 5 0.66] or quality of the evidence supporting the recommendations [P trend 5 0.31]. However, when analyzing by recommendation topics (SCH diagnosis/ treatment/follow-up), we found a significant correlation between guideline adherence and the guideline-reported strength of the recommendations related to treatment [P trend 5 0.01], but not for those related to diagnostic evaluation or therapy follow-up.
In a multivariate analysis, the number of years in clinical practice was the only significant predictor of guideline adherence [nb 5 20.23; P 5 0.008] after adjustments for geographic location, specialty, the number of pregnant women with SCH treated over the past 6 months, previous reading of ATA guidelines, and type of clinical practice.
C. Screening and Diagnostic Evaluation
Most respondents recommended screening for thyroid dysfunction for every woman at the beginning of her pregnancy (54%), whereas 30% recommended targeted screening and 16% recommended no screening for SCH in pregnancy ( Fig. 1 ). Survey findings regarding diagnostic evaluation of pregnant women with SCH are summarized in Table 3 . For the diagnosis of SCH, most respondents endorsed a TSH level .2.5 mIU/L as the cutoff (52%), whereas only 5% endorsed a population-based cutoff as recommended by the ATA. Others required different thresholds depending on the presence of clinical features (5%) or TPO-Ab status (5%). The most frequent indication for measurements of FT4 and TPO-Ab during the initial diagnostic workup was a TSH level higher than the pregnancy-specific cutoff used in the responders' clinical practice (49% and 44%, respectively). Table 4 summarizes the treatment decisions among respondents for each clinical scenario and the expected risk reductions in adverse pregnancy outcomes and adverse health/ cognitive outcomes of the offspring if treatment was provided. When one-variable changes in a patient's clinical characteristics were assessed in clinical scenarios, changes in TPO-Ab status [87% for positive vs 50% for negative; P , 0.001] and thyroid physical examination results [62% for goiter vs 50% for normal; P , 0.001] significantly increased LT4 prescription rates for a first-trimester pregnant woman with TSH level More than 70% of the clinicians who would start LT4 thought that the treatment would have a small effect (10% to 20% reduction) or very small effect (,10% reduction) on maternofetal complications regardless of the clinical scenario.
D. Clinical Scenarios
E. Treatment and Follow-Up
Survey findings regarding treatment decision and follow-up of pregnant women with SCH are summarized in Table 3 . The preferred therapy for the management of SCH during pregnancy was LT4 (97%), using an initial fixed dose of 25 to 50 mg/d (71%) or 75 to 100 mg/d (8%). A few respondents selected a dose based on TSH level (12%) or the patient's weight (7%). The factors considered when deciding whether to start therapy in a pregnant woman with SCH are shown in Fig. 2 .
According to most respondents (65%), TSH levels should be rechecked every 4 to 6 weeks until midgestation; 18% would recheck TSH levels only if the TSH level was not appropriate at first check after LT4 initiation, and 2% would never reassess TSH levels during pregnancy. Most respondents followed ATA guidelines and endorsed a TSH goal for thyroid hormone therapy of ,2.5 mIU/L (74%) during pregnancy or in the lower half of the trimester-specific reference range (12%).
F. Stopping Therapy
Respondents would stop LT4 therapy after delivery if postpartum TSH levels fell within normal limits for a nonpregnant adult (35%) of if the patient required an LT4 dose ,50 mg daily (18%). Some would stop LT4 in every woman (17%), whereas others would stop it in all TPO-Ab-negative women (13%) ( Table 3 ). 
Patient 2
A healthy 32-y-old woman presents for a prenatal visit at the 17th wk of her first pregnancy. She has no known history of thyroid disorder, infertility, or previous miscarriage. She currently takes no medication, and the pregnancy is going well. She had laboratories done the day of the prenatal visit.
Please choose
the most appropriate next step for each of the following scenarios:
Expected reduction in the risk of adverse pregnancy outcomes that pregnant women will gain from the treatment a Expected reduction in the risk of adverse health/ cognitive outcomes to the offspring from the Data are presented as n (%).
a Of the respondents who would treat the patient according to the clinical scenario.
G. Self-Confidence
With clinical experience (in years or in numbers of women treated), respondents expressed greater self-confidence in the care of pregnant women with SCH ( Fig. 3 ). Endocrinologists showed a higher self-confidence level than other clinicians, and internal medicine specialists had the lowest self-confidence level for the management of SCH in pregnancy.
Discussion
This study assessed clinicians' knowledge, perceptions, and clinical practices regarding SCH diagnosis, treatment, and effect on pregnancy in relation to the most recently published ATA guidelines [1] . Across a demographically diverse sample of clinicians and members of the largest endocrinology society in the United States, we found an awareness of the ATA guidelines and evidence of their effects on practice, with low adherence to the recommended TSH cutoff for the diagnosis of SCH during pregnancy and the indications for TPO-Ab status assessment as part of the diagnostic evaluation. When LT4 treatment was chosen by respondents, there was a small or very small expected reduction in maternofetal complications. We also found that only 50% of the clinicians who responded take patient preferences into consideration when determining treatment, and 19% take therapy adverse effects into consideration. Interventional studies [13, 27, 28] have been unable to document the same benefits of LT4 treatment of SCH in pregnancy as seen in observational studies [29] [30] [31] [32] . In this uncertain context, the ATA issued an updated version of its guidelines encompassing major changes in clinical practices for the management of SCH during pregnancy [1, 33] . The new recommendations have been partially accepted [33] [34] [35] ; as demonstrated here, practice is only partially concordant with ATA recommendations. This could be due to low-grade recommendations according to the guideline-grading hierarchy, which could be perceived by health care providers as lacking certainty in the evidence. However, we did not find a correlation between guideline adherence and the guideline-reported strength of recommendations or the quality of the evidence supporting the recommendations, except for those recommendations regarding treatment. Moreover, the extent to which adherence to these guidelines improves maternofetal outcomes remains uncertain.
One of the most controversial issues in the field of thyroid dysfunction and pregnancy is the appropriate screening approach in early pregnancy. The ATA guideline recommends neither for nor against universal screening for abnormal TSH concentrations in early pregnancy on the basis of uncertain benefits [36] . Contrary to this recommendation, according to our survey universal screening is the preferred method for pregnant women, a result that is consonant with findings from surveys of other medical societies [18, 19, 21, 37] . The preference for universal screening may be driven by the inability of clinicians to identify at-risk women [38] and the well-known benefit of LT4 treatment for overt thyroid dysfunction during pregnancy. Furthermore, universal screening for thyroid dysfunction in pregnancy has been supported by some authors [35, 39] , who argue that universal screening [40] for overt thyroid disease is justifiable and lack of clarity on the effect of optimum management of SCH is not an adequate rationale for inaction after detection.
Of note, most respondents are still using a TSH level .2.5 mIU/L for the diagnosis of SCH in the first trimester of pregnancy, as recommended in the older guidelines [10, 41] and consistent with previous studies [18] . Although a TSH cutoff of .4.0 mIU/L was offered for cases in which a population-based cutoff is unavailable, only 5.4% of respondents selected this option. This may be because using a TSH cutoff of .4.0 mIU/L for diagnosis has been criticized, given that only 26% of the studies cited under this recommendation found an upper limit of normal for TSH $4.0 mU/L [1, 35, [42] [43] [44] [45] . However, the benefit of detecting and treating women with a TSH level of 2.5 to 4.0 mIU/L remains uncertain while exposing patients to anxiety and treatment burden, factors that physicians rarely consider in treatment decisions as reported in the current study. In addition, although a TSH level .2.5 mIU/L was the most used cutoff for SCH diagnosis among respondents, only 18% of the respondents would treat a pregnant woman with a TSH level of 3.2 mIU/L and without thyroid autoimmunity. It is possible that for the respondents a TSH level .2.5 mIU/L is used mainly to define SCH and create awareness, leading to closer follow-up during pregnancy, but does not lead on its own to LT4 treatment initiation.
Although the decision to treat or not varied depending on the specific clinical scenario, when LT4 treatment was chosen, respondents expected a small or very small reduction in maternofetal complications across all clinical scenarios regardless of patients' characteristics. This trend may be explained by the absence or small size of effects on LT4-treated patients shown in interventional studies [13, 27, 28, 46, 47] .
Delivery of maternal T4 to the fetus through placental transference is crucial for optimal fetal brain development [48] [49] [50] . The use of LT4 1 T3 or desiccated thyroid extracts produces a low T4/T3 ratio; as a result, the placental transfer of LT4 to the fetal brain may be insufficient [49, 51, 52] .Therefore, LT4 is the preferred drug during pregnancy. Despite the strong recommendation to not use other thyroid preparations, a small portion of the respondents still choose LT4 1 T3 or desiccated thyroid extracts as pharmacological therapy during pregnancy.
Our findings are limited in their applicability by the relatively low response rate of society members. However, previous studies have shown similar response rates by clinically active members of the Endocrine Society [24] [25] [26] 53] . This low response rate may have an effect on the generalizability of the present results, driven mainly by the potential selection bias of the respondents. Moreover, underrepresentation of non-endocrine clinicians (Obstetrics & Gynecology, internal medicine, and family medicine specialists) may have affected the results. In addition, we did not include history of miscarriages as a variable in the case scenarios, and this could have changed/influenced the respondents' answers. A history of miscarriage, as demonstrated by our results, is a strong factor in the decision to initiate LT4 therapy during pregnancy. Finally, it is important to note that it takes ;2 to 3 years to fully implement a new guideline in clinical practice. We performed this survey 18 months after the ATA guidelines were released, which may have contributed to the low adherence and may be a source of bias in the current study. Further studies in the field might intend to evaluate the practices of the other participating specialties in the care of pregnant women with SCH (obstetrics & gynecology, internal medicine, family medicine).
In summary, this national study assessed clinicians' knowledge and reported practices regarding the diagnosis, treatment, and effect of SCH on pregnancy and their concordance with the latest ATA guidelines. Despite recently updated guidelines, there is still wide variation in clinical practice regarding the care of pregnant women with SCH. Improvement may require multicentric collaboration to produce highly reliable, practical randomized trials of the comparative effectiveness and the impact on maternofetal and offspring outcomes of the most uncertain and commonly used treatment practices in the care of SCH during pregnancy.
